We report the fabrication and photoresponse of 5nm thick La working at high temperature by further reducing the cross-section of the strip.
Introduction
High-performance single-photon detector in the infrared region is required in many fields such as quantum information, quantum optics, space-to-ground communications, and bio sensing [1] . For this purpose, superconducting single-photon detector (SSPDs, SNSPDs) has been attracted much attention in the last decade [1, 2] . Now the SSPDs with the detection efficiency close to unity (93%) have been reported by several groups [3, 4] . It is also noted that the dark count rate of SSPD has been reached to a theoretical limit of background blackbody radiation [5, 6] . By introducing cold bandpass filters with 100 GHz bandwidth, the dark count rate of SSPD decreases to 10 -4 cps [6] . The SSPD with ultralow dark count rate is particularly important for the long distance quantum key distribution (QKD) over 300 km [7] .
Although the performance of SSPDs overcomes to the other single-photon detectors such as
InGaAs avalanche photodiode, a drawback is a low operating temperature. The operating temperature is below 3 K for NbN based SSPD, and below 1 K for WSi based SSPD, depending on the T c of the materials [1] [2] [3] [4] [5] [6] . To increase the operating temperature, we have to use higher T c materials for SSPDs.
Recently, we have developed the SSPDs based on MgB 2 (T c = 39 K) [8] , and it has been demonstrated that the MgB 2 -SSPD exhibits the capacity of detecting single photons up to 10 K [9, 10] . To further increase the operating temperature, it is inevitable to use cuprate superconductors for SSPDs.
One of the key technological issues for the realization of cuprate based SSPDs is the ultrathin film growth. We need high quality ultrathin films for SSPDs; with the thickness of about 5nm, a sharp superconducting transition, and a smooth surface. There have been several reports towards the realization of SSPDs using YBa 2 Cu 3 O 7- films with T c about 90 K [11] [12] [13] [14] [15] . However, as the thickness decreases to 5 nm, the quality of the films strongly deteriorates [14] . Arpaia superconducting characteristics. The strip shows a photoresponse up to 30 K, suggesting the possible single-photon detection at high temperature in the future.
Fabrication
Ultrathin films of La 1.85 Sr 0.15 CuO 4 were synthesized in a custom-designed ultrahigh-vacuum chamber (base pressure <10 -7 Pa) from metal sources by means of reactive co-evaporation [16, 17, 19] .
For oxidation of the film, RF activated atomic oxygen (input power of 300 W and oxygen flow rate of 1 sccm) was used. During the growth, the evaporation beam flux of each element was controlled by electron impact emission spectroscopy (EIES) and the film was monitored by reflection high-energy electron diffraction (RHEED). The growth rate was 9 nm/min and the growth temperature is 670 ˚C.
The 5 nm thick thin films with (001) orientation were epitaxially grown on (001) LaSrAlO 4 substrates.
Details of our growth technique have been published elsewhere [16, 17, 19] . 
I-V characteristics

Photoresponse
Electro-optical characterization was performed in a Gifford-McMahon cryocooler between 3 K and 45 K. A bias current was supplied to the strip through a bias-T without shunt resistor, and the signal was amplified by an rf amplifier with a total gain of 30 dB and fed to a 20 GHz bandwidth single-shot oscilloscope [21] . The strip was illuminated with a femtosecond 1560 nm fiber laser with a repetition rate of 100 MHz. The optical spot size was about 10 m in diameter.
No signals are observed at zero bias current (I bias = 0), but the signal appears as the bias current increases, and the height of the signal becomes maximum at the bias current just below I c . Figure 4 shows strip. Here, the bias currents are adjusted just below I c at each temperature. As the temperature increases, the height of the signal decreases, but it can be observed up to 30 K. The decrease of the height is simply due to the decreases of I bias .
Although the reason of these photoresponse is not clear, it seems to be a bolometric response of the nanostrip under the bias current. We notice that the small signals remain even when I bias exceeds I c , which may be due to the large temperature coefficient of the resistivity in the normal state. It is also noted that the same response have been also observed in the MgB 2 nanostrip with the width of 300 nm [22] . The response of MgB 2 nanostrip changes to the multi-photon detection regime with the width of 200 nm and changes to the single-photon detection regime with the width of 100 nm [8, 22] . The bolometric response seems a common feature for superconducting nanostrip with the large cross-section. 
Conclusion
We grow 5 nm thick La 1.85 Sr 0.15 CuO 4 film using MBE and fabricate a strip with the size of 100 nm wide × 5 nm thick with J c (3K) = 2.3 × 10 7 A/cm 2 . The I-V characteristics show a hysteresis and a sharp voltage jump at I c . We observe the photoresponse of the strip under bias current even at 30 K, which is due to the bolometric response. We discuss the possible single-photon detection using La 1.85 Sr 0.15 CuO 4 nanostrip at high working temperature.
